Introduction

Inductively Coupled Plasma Optical Emission Spectrometry (ICP-OES), Flame
Atomic Absorption (FAAS), Electrothermal Atomic Absorption Spectrometry (ETAAS), molecular spectrophotometry and other atomic and molecular conventional instrumental techniques have all been extensively used to quantify metals in many samples. Laser Induced Breakdown Spectroscopy (LIBS), even if not yet considered a conventional instrumental technique, has also been used for elemental analysis since its introduction, providing a significant number of applications [1] [2] [3] [4] .
Irrespective of the recent advancements in analytical instrumentation, extraction and preconcentration procedures prior to the detection step are still necessary, either for decreasing detection limits or for eliminating matrix effects [5] [6] [7] [8] [9] [10] [11] [12] [13] .
The use of procedures resulting in low consumption of reagents and, consequently, in drastically reducing residue discharge, has been an attractive field of research for the development of analytical methods tied to environmental-friendly analytical chemistry [14] [15] [16] . As a consequence, traditional extraction procedures are being increasingly replaced by microextraction methodologies, which are nowadays widely used for analyte separation and enrichment. Among others, dispersive liquidliquid microextraction (DLLME) is a liquid-liquid extraction procedure that allows for a low consumption and discharge of chemical reagents. It is based on the mixing of an extractant solvent and a disperser solvent (with high miscibility in both aqueous and organic media). The quick addition of an appropriate mixture of these two solvents into the sample leads to the formation of a great number of small droplets of extractant solvent, which remain dispersed in the aqueous solution. As a result, analyte is extracted to the extractant solvent droplets (generally hydrophobic organic compounds), which is then separated from the aqueous phase by centrifugation. Some advantages of DLLME are operation easiness, quickness, low cost and high recovery factors and preconcentration [17] [18] [19] [20] .
Different conventional atomic spectrometric techniques have been already combined with DLLME for trace-metals analysis. Among them, ETAAS has been, by far, the most widely used due to its requirement of microamounts of sample for analysis [12] . In contrast, few papers propose the combination of this microextraction technique with ICP-OES, probably due to the intrinsic difficulties of this analysis method of organic matrices [21] [22] [23] [24] [25] . and mineral water) and a beef liver reference material.
A C C E P T E D M A N U S C R I P T
In this context, the aim of this work was, on the one hand, to propose a DLLME method based on the use of 1-undecanol (extractant solvent) and methanol (disperser solvent) for extraction of metal ions as 1-(2-pyridylazo) 2-naphtol (PAN) complexes and, on the other hand, to evaluate the combination of the proposed DLLME procedure with ICP-OES and LIBS techniques (i.e., DLLME-ICP OES and DLLME-LIBS) for trace elemental analysis of liquids samples. To this end, the main experimental factors affecting the DLLME of several metals (Cd, Co, Ni, Pb and Zn) were optimized using a multivariate analysis. Under optimum DLLME conditions, analytical figures of merit of the DLLME-ICP-OES and DLLME-LIBS combinations were estimated. Accuracy of the proposed methods was evaluated from the analysis of two Certified Reference Materials (estuarine water and hard drinking water). Finally, several beverage samples (drinking water, alcoholic beverages and soft drink) were analyzed in order to assess the applicability of the methods to real samples analysis.
Material and Methods
Instrumentation
A pH meter (model Basic 20+, Crison Instrument, Barcelona, Spain) with a combined glass electrode was used for pH measurements. A centrifuge (model 2690/5, Nahita Centrifuges, Beriain, Spain) was used to accelerate the phase separation. The disperser and extractant solvent mixture was added to the sample using a 1000 µL syringe (Gastight ® , Hamilton Co, Reno, Nevada, USA).
An inductively coupled plasma-optical emission spectrometer (model 720-ES, Agilent Technologies, Melbourne, Victoria, Australia) was used for ICP-OES measurements. Several beverages purchased from a local market: Drinking water, two alcoholic beverages (obtained by distillation of fermented fruit and brand whisky -both containing 40-60% alcohol) and a soft drink, were also analyzed to evaluate the applicability of the methods to real samples.
DLLME procedure
For extraction of the analytes by DLLME, different amounts of sample or standard solutions were transferred to 10-mL glass tubes. Table 1 .
LIBS analysis was carried out using the surface-enhanced LIBS methodology (SENLIBS) already described elsewhere [26] . To this end, 10 µL of the solution was transferred on an aluminum substrate, heated to dryness and analyzed by the LIBS experimental system described above (Section 2.1).
Results and discussion
Optimization of DLLME procedure
The main experimental factors affecting metals extraction using DLLME (pH, PAN concentration, salt addition (NaNO 3 ), extractant solvent volume and disperser solvent volume) were optimized using a multivariate analysis consisting in two steps: (i) a Plackett-Burman design (screening) followed by (ii) a Circumscribed Central
Composite Design (CCCD) (optimization) using the NemrodW statistical software Since extractant solvent volume and pH were found the only significant factors from the Plackett-Burman design, the optimization of these two variables was carried out using response surface methodology (RSM) through application of a CCCD. In summary, the DLLME experimental conditions selected were: PAN concentration 260 µmol, 70 µL of extractant solvent, 150 µL of disperser solvent and pH 9.0 (NH 4 OH/NH 4 Cl).
Selection of the disperser solvent type
In the previous optimization study, ethanol was selected as the disperser solvent;
however, some other solvents such as acetone, acetonitrile (ACN) or methanol could be also used to this end. In this work, the use of 1-undecanol as extractant solvent in combination with these other possible disperser solvents was studied and compared with the use of ethanol. Figure 2 shows the signal improvement obtained for each metal
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8 using different disperser solvents. Here, signal improvement was calculated as the ratio of the signal obtained in the ICP-OES analysis of the samples without and with the DLLME procedure (see Section 2.4). According to the results, the use of methanol as disperser solvent resulted in the highest signal improvement for the majority of the metals, followed by ACN, ethanol and acetone, which showed similar behavior. In view of these results, methanol was finally selected as the disperser solvent used for further studies.
Analytical features -ICP OES and LIBS detection
Analytical calibration curves were obtained with both ICP-OES and LIBS instrumental techniques. In both cases, standard solutions were analyzed in two different ways: without the DLLME procedure (i.e., ICP-OES or LIBS analysis of the standard solutions), and with the DLLME procedure (i.e., DLLME-ICP-OES or DLLME-LIBS analysis). All analytical curves were obtained from triplicate analysis of the standards. In DLLME-ICP-OES methodology, all analytes extracted (i.e., Cd, Co, Ni, Pb and Zn) were investigated. However, DLLME-LIBS methodology was found to be unpractical for Co and Pd detection at concentration levels below 1 mg L -1 , being out of the scope of the present work (i.e., trace metals analysis). Therefore, only Cd, Ni and Zn were investigated with this methodology. Table 2 and Table 3 summarize the analytical characteristics of the tested DLLME-ICP-OES and DLLME-LIBS methodologies. Detection and quantification limits (LOD and LOQ) were estimated according to IUPAC recommendations at 99% confidence level [36] . Repeatability (RSD, relative standard deviations) was estimated from 10 independent measurements.
Regarding DLLME-ICP-OES methodology (Table 2) , it was observed from comparison of the sensitivity values obtained from the analytical curves corresponding to the ICP-OES and DLLME-ICP-OES analysis of the standards, that the use of the proposed microextraction procedure leads to an increase in sensitivity for all metals tested (i.e., 56-times higher for Cd, 9.5-times higher for Co, 51-times higher for Ni and
Zn and 14-times higher for Pb), allowing the quantification of most of these metals in samples such as drinking water, at the concentration levels established by WHO (World 
. At present, concentration limit for Co in drinking water is neither regulated nor recommended by these regulatory agencies. Table 3 shows the analytical characteristics achieved when LIBS is used as detection technique. The analytical features of both DLLME-LIBS and LIBS analysis are presented for comparative purposes. As expected, the analytical characteristics of DLLME-LIBS are worse than those obtained with DLLME-ICP-OES methodology (Table 2) , due to the already well known lower sensitivity and reproducibility of LIBS compared to ICP-OES. However, as can be observed from Table 3 by comparing LIBS and DLLME-LIBS methodologies, the use of a DLLME procedure prior to LIBS detection leads to an increase in sensitivity of 9.6-times for Cd, 6.7-times for Ni and 6.5-times for Zn, which results in detection and quantification capability improvements. 
Accuracy evaluation and applicability of the methods to real samples analysis
It is important to outline that the optimization study was performed on a model sample prepared in deionized water. Possible matrix effects influencing DLLME procedure due, for instance, to competitive chelate formation with concomitant metals, or to preferential diffusion of such concomitant metals chelates into the organic phase,
were not considered. In order to evaluate possible matrix effects, two water certified reference material containing Ca, Mg, K and Na, among others, as majority elementsestuarine water CRM (LGC6016) and hard drinking water CRM (ERM® CAO11a)
[42,43] -were successfully analyzed by using the proposed DLLME procedure. Results of this evaluation are shown in Table 4 . As can be seen, recovery values ranging from 88% to 104% and from 102% to 109% were obtained for DLLME-ICP-OES and DLLME-LIBS, respectively. According to a statistical t-test performed at a 95%
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10 confidence level, no significant differences were found between determined and certified values, with both detection techniques in both certified reference materials.
Different beverage samples were also analyzed by DLLME-ICP-OES and DLLME-LIBS in order to evaluate the applicability of the methods to real samples.
Firstly, accuracy of the DLLME-ICP-OES method for Cd, Co, Ni, Pb and Zn determination was assessed by recovery assays. To this end, the samples were analyzed before and after being spiked with 25.0 µg L -1 and 50.0 µg L -1 of the different analytes.
As observed from Table 5 , recoveries ranging between 91 to 111% for almost all analytes and samples were obtained, with the exception of Pb in alcoholic beverage (brand whisky) and soft drink. In these two samples, probably due to some matrix interference affecting the extraction of the analyte, recoveries were below 52%.
Afterward, determination of Cd, Ni and Zn in the same beverage samples was performed by DLLME-LIBS (Table 6) . Recovery values shown in this Table were calculated by comparing the DLLME-LIBS results with those obtained by DLLME-
ICP-OES, taking this latter as reference values. As can be seen, the results obtained for
Ni and Zn by both methods were in good agreement, with percent recoveries ranging from 87 to 113%. Although the concentration of Ni contained in the samples of drinking water, alcoholic beverage (brand whisky) and soft drink is within detection and quantification limits, a very good recuperation (99-102%) allows the acceptance of found concentration.
Determination of the same analytes in water samples by ICP-OES combined with microextraction procedures has also been carried out by other authors, as shown in Table 7 . As can be seen from this table, combination of ICP-OES with DLLME procedures usually leads to detection limits lower than the ones obtained in this work with the same instrumental technique. However, a non-chlorinated extractant solvent was used in the present study, which provides an important advantage over the methodologies proposed [21, 44] . On the other hand, the DLLME procedure proposed in this work is simple, avoiding the drying step needed in existing methodologies to evaporate the chlorinated solvent prior to ICP-OES analysis [21, 44] , or the solidification step to separate the analyte-enriched organic drop from the aqueous solution [45] . Moreover, as an added advantage, the use of a reduced volume of extractant solvent in the proposed method can be also highlighted.
Regarding LIBS, detection of the same target analytes in liquid samples has also been studied by different authors, as shown in [47] . These results can be highly improved if metals in the samples are previously electrodeposited on an aluminum rod [48] . As observed, limits of detection obtained are about 20-30 times lower than the ones achieved in the present work. However, it is worth mentioning that 800 mL aqueous sample was used for electrodeposition of the metals, whereas 9 mL solution was used in this study.
To date, previous studies on the combination of LIBS with liquid-liquid microextraction methodologies for liquid samples analysis have only been carried out by our workgroup. As can be observed from Table 8 , the DLLME-LIBS methodology proposed in the present work leads to improved limits of detection compared to our previously proposed methods [49, 50] . Moreover, compared to the previously proposed DLLME-LIBS procedure [49] , the use of tetrachloromethane as extraction solvent has been avoided.
Conclusions
The proposed DLLME procedure, based on the use of a non chlorinated On the other hand, it has been proved than the sensitive analysis of liquid samples by LIBS, a well known limitation for this technique, could be overcome by its combination with DLLME procedures. According to the results presented in this work, DLLME-LIBS methodology leads to sensitivity improvements that allow the analysis of [7] S. Garcia, I. Gaubeur, An anionic resin modified by di-2-Pyridyl ketone salicyloylhydrazone as a new solid preconcentration phase for copper determination in ethanol fuel samples, J. Braz. Chem. Soc. 22 (2011) 501-510.
[8] S. Garcia, R. Galbeiro, S.G. Silva, C.S. Nomura, F.R.P. Rocha, I. Gaubeur, An environmentally friendly analytical procedure for nickel determination by atomic and molecular spectrometry after cloud point extraction in different samples, Anal. Methods 4 (2012) 2429-2434. [37] World Health Organization. Guidelines for drinking-water quality, 3rd ed, WHO, Geneva Table 4 .
Determination of metals in certified reference materials using the proposed DLLME-ICP OES and DLLME-LIBS methods. 
